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CONTRIBUTION A LA COMBUSTION DES EMULSIONS DE L’EAU DANS LE FIOUL LOURD
Résumé
Les fiouls lourds, les huiles usagées ou les graisses animales constituent des combustibles denses et visqueux qu'il
est possible de valoriser. Brûler ces combustibles en émulsion avec l'eau diminue la longueur de flamme et surtout
la formation de résidus carbonés solides (particules) par rapport au combustible pur. Car le phénomène de micro
explosion, qui consiste en la vaporisation rapide (<0.1 ms.) des gouttelettes d'eau internes, disloque la gouttelette
d'émulsion en plusieurs gouttelettes plus petites. Dans un premier temps, un modèle instationnaire de la gouttelette
d'émulsion permet, grâce à un critère approprié (vaporisation des gouttelettes d'eau internes en état liquide
métastable) d'établir une prédiction numérique de son délai de micro explosion. Cette prédiction est confrontée à
des mesures expérimentales issues de la littérature, avec différents paramètres de combustion et différentes
formulations de l'émulsion (soit 27 situations différentes). Puis ce modèle de gouttelette individuelle est incorporé à
un modèle de combustion en spray, prenant en compte le phénomène de micro explosion : les résultats permettent
de comparer la flamme obtenue (~150 kW) avec et sans émulsification du combustible. Cette comparaison des
champs de température et des longueurs de flamme confirme qualitativement les tendances observées dans des
études expérimentales de la littérature. Enfin, une campagne expérimentale sur une chaudière industrielle de
puissance modeste (~200 kW) permet de mesurer une baisse reproductible (entre 30 et 35%) des émissions de
particules en utilisant une émulsion de l'eau dans le fioul lourd, par rapport au fioul lourd pur. La mesure de la
granulométrie des particules émises permet de fournir un indicateur de micro explosion.
Mots clés : spray en combustion, émulsion, micro explosion, fioul lourds, particules, cénosphères
A CONTRIBUTION TO THE COMBUSTION OF WATER-IN-OIL EMULSIFIED HEAVY FUEL
Abstract
Heavy Fuel-oil, used engine oil or animal fat are dense, viscous combustibles that can be used within boilers. To
burn these combustibles as a water-in-oil emulsion is known to decrease both the flame length and the
carbonaceous residue, in comparison with raw combustible. Indeed, the microexplosion phenomenon, which means
the rapid (<0.1 ms.) vaporization of inside water droplets, breaks the emulsion droplet into many smaller droplets.
The first step of this work is to demonstrate an unsteady modelisation of the emulsion droplet enabling, thanks to an
adequate criterion (vaporization of the liquid-metastable water droplets) to establish a numerical prediction of its
microexplosion delay. This prediction is faced with experimental measurements available in the literature, along
with different combustion parameters and emulsification variables, totalizing 27 different situations. Secondly, this
model of individual emulsion droplet is included in a spray combustion model, taking into account the
microexplosion phénomenon : The results enable a comparison between the flames (~150 kW) obtained with raw
and emulsified combustible. This comparison of flame lengths and temperature fields is in qualitative accordance
with trends described in experimental works from the literature. Finally, an experimental campaign on an industrial
middle-scale (~200 kW) boiler enables to record a reproducible decrease (from 30 to 35%) in carbonaceous residue
using a water-in-oil emulsified heavy fuel-oil, in comparison with pure heavy fuel-oil. The measured distribution of
cenosphere diameters at the exhaust of the boiler gives an indication for microexplosion.
Key words : spray combustion, emulsion, microexplosion, heavy fuel, carbonaceous residue, cenospheres
Laboratoire d’accueil : GEPEA UMR 6144 – Ecole des Mines de Nantes – Département Systèmes Energétiques
et Environnement – B.P. 20722 – La Chantrerie – 4, rue Alfred Kastler – 44307 Nantes cedex 03
Thèse présentée par : TARLET Dominique            le : 5 Mars 2008 à l’Ecole des Mines de Nantes
Discipline : Energétique – ED ParisTech N°432 « Sciences des Métiers de l’Ingénieur »
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1 m/s, 1200 K
Maillage 
quadratique























































































































































































































































































































































































































































































































































































































































































































































































ÐrÑSÒ Ó8Ô ÓÕ ÓhÖ





















































































































































































































































































































































































































































































































































































































































v7wCv x4y{z<|}z~ {		3=ﬁy{ze3yŁ 	zDi|}	z@|}	G
3!j:6ﬁo!3S/6 '¡¢£):o¤	¥¦X%¡	¦}§ﬁ¡ﬁj¡ﬁ ' ﬂ:r:E:¨>¦-:ﬂ:<V¢¦¦}©oª«1¡	W¬ ':«¥
­
























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































     ﬀ ﬁﬂﬃ 












































































     
     
     
     
     



































ÍﬀÉ_ÚﬀÀÓÒÓ¾É_ØaÍﬀËÁÒÓÌ;Ñ0âEÚﬀÀÃÊ Ñ0ÌSGcÍﬀÇXâEÌ¶ØT&ÍﬀÉﬀÌÀÃÉÔJÌEË+Ê+ÀÃÊ+ÍÑ0Ì;Ë+ÌEÒÓ¾Ê+ÀÃÙ]ÌÑ0ÌCFE Ì¶Ø+Ê ÔE¾ÒÓÔJÍﬀÒÃâEÌ;ÏµÈ]ÍﬀË ÔJÌ¶Ø Ñ0âEÊ+ÌEË+ÇXÀÓÉ¾Ê+ÀÃÈ]ÉØ
Ñ0ÌUNQV³ÄÁ½¾?ÏﬀÍﬀÀ9ØaØa¾ÉÔJÌXÍﬀÊ+ÀÃÒÓÌWNYX Ì¶Ø+ÊêÒÓ¾?ÏﬀÍﬀÀÓØaØa¾ÉÔJÌXÊ+ÐﬀÌEË+ÇLÀÓéÍﬀÌLÊ+Ëa¾ÉØ+ÇXÀÓØ+Ì9J Ò Ö×Ì¶¾Í Ñﬀ¾ÉØ=ÒÃÌ¶ØêÊ+ÍﬀÚÌ¶ØZÑ0Ì\ÒÓ¾





























ÈAñòÆ%ó?È4'Æ%Rôöõ÷ÌKøôQùúØûãIü)Æ%AxÇO¤?ﬃÇ ® Æ%S¤ ® ¤¤?Æ%?L ® 'Æ%¤xÇq ® Æ%S¤?ﬃý%?¤'WÇlÆ%O¤xÇ












































































































































































































































































































































































































































































































ï?å ï?èüîã2-çIìIàï?àêæ ÷7â7å-çIçIàé"àçIçIàêæ ï&óôàêîå è"ð@çIàìIð-àêæyß(óôíã$å-éñæIèõ6áîçIèñâ7ð àêæ¸ç¢î7á,+-àò7íàîë-ì3-êæå-ð-àëWíìIè"â?ï?àï?à




















	B¢«¸yC (ð à>&àç*	¾îå?ßúï?àéñù ï?à éüîûáâ7ð9áàð2çIì¸îçIèñâ7ð±áìIèñçIè2å-à¢ãèñáàé"éñîèñìIà
ªEDFDHG
«,	¾é"à æIå-ì!ýî7áç¸îð2ç








































































































































































































































































ÑÒuÓPÔwÕdÖ"×FØiÔdÙiÚ ÛÜµÝPÞ_ßàﬂásâÜÝPÞﬂßpã ØRäwÚÓjåmæ/á3çÝèÚNé9Õ ØRäwÚÓjåBê/ásçÝëÚNé9Õ ØiäwÚÓjåmìÝëÚé9Õ
íuî
­Oï"ð
° ºF $¡ ©7©$¡ ©ºFñ ©ºcò
ógô
­
¢»õ®7ÇX° Ê½aò7¢ ÁD½Ë¸2¢ Ê½ËÁ2¢ Ê½Ê¢
Ł?¢
­ö




° ñ7Á$¡B§5÷cø:©2ò ¸º"¡B§5÷cøtÁº ¸¿Ê2¡B§5÷cøgÁ7© ñ$¡m§5÷cø:Á$¡
í
­Oï"ð
° ºF¸$¡ º$¡ ºcò$ñ ºcò?Ê















L"s$7Ły $¡N¢£w¥¦d§J©$¡N¢£d¥¬ °<Ç:¦"sfs®7 ¶P¸2¢ ŁF$ f®3p´N9$p¶QŁ"33ŁB
39s"$fŁ"ÉÏ&j´N97fsŁ"N:"2$¶ )Ł"3Bf"®7sµÇ'ﬂtfFf3fŁf®7_·$ﬁ®7<yŁJ)ŁF:ŁF0<$s]f"s339$3fŁF
´NŁ_9<$7ŁﬂŁF$&Ł"p"sf3®7ﬁŁ"fLŁ" ®7fŁ"sŁg9$R<fŁ_f37K²"$f3±7Ł_ŁF "s0f3®79wŁg9$ffR)3ŁF"½
































3Ìi"fsŁ" ¶ ºc¢ ŁmRo±$$3Ł"®7fŁ"NŁUu®7p3ŁF 3u"fŁ"fŁFp" s<3®79)°<Çd¦/ŁF













JLKMONQPRSTUNVUW XYBZ3[]\#^`_ba<Y)ZO[]\dc TUeW'Mgfih)_bjBZkWml<P T5eW'Mgfno_bjZkW'l<P T5e9W0Mpfiq)ZrWml<P
sﬃt3uwvyxz|{})~ i,Ł F,F Ł,] ,
L?uH7w Ł 0Ł Ł Ł
 
o¡@¢ £















































































































































































"$#!%'&)(+*-,/.0&2143 5687:9<;>=@?BAC6D7:9;ﬀE .0F23G% ?IH8JLKD7M3ONP( .4F23G% ?IQD7M3GNP(
ﬃSRêUT-V ð WX	ù W	ùDù Wø0ù
Y[Z
êÂß]\äDÙö¶ð ^Bá÷ _bá`W _báø











































































êÂßÁ\äDÙö¶ð ^Bá`X<ß ^<ß ^<ß
¦
Y
êHÕ-Õ-Þpð ^ Âø Ã
¥
Y[Z
êHÕ-Õ-Þpð ^f f	ù ÷G_
£
Y[Ä

































ÑÔL×ã8Õ)ýÇáµþìé[ßø-ÙÓÒpãGÙﬀî4×ßô­øÛCØ îbÒpÔÙﬀÛDÜöØÚã æ×ãOÙá-ãGØ á-ã Ñ×ØCîUßáÔãOâpÒpßÔLÒpÞÚçáÛÚÒpãPÑﬀçáÍåP×ØÚçç×ØÚßÓÛ ï

ý)õÓà



































ïp254 õ ñt 
:=  />8wvyxü>8
Ł


































































ë å²êö%ë óóïì^ë ñçîïçêïçêçõ²ñí5ì^èaóè^ðﬁæ	è^ñïç5÷ö%ïñíçå²ì^êæ	êïçêè^ð9êï5ñõ²ñí5êíö%ë óóï«ì'ø$ï
	©ï5êdîï?ìaæJçïö%ë ðﬁîï








õ²ì^ë>çè^ë ð¦õ²ì^åﬁç êæ	ñîè^ò ï ÷Hìaïç




































jõ²ìaë>çè^ë ðﬁç>¶è^ðﬁîè^òjèaîå²ï5ì^ì^ïççå²ñìaæÂîèaçêñè@?²å²êè^ë ð îï7îèaæ	óô5êñï?î²æ	ðﬁçÑì^ï
















ë å²ñ\ìaæîí5êïö%êè^ë ð7îï ìOæçïö%ë ðﬁîïæ	êë óèaçæ	êè^ë ð
î²æ	ðﬁçì^ïççõ²ñæA&ç5÷ì^ïçõ²ì^åﬁç\çè


















































































































Ô:àÎÒ(ÍßrÔÎâ;Í*Òﬀö÷ÐrãOÑÒÎKÙ(×à ûTÒ(Ù(ÚàÍÖ$×Ù@à'ÓKÙ(Ò(Ò@ÐrÍ:ßÈù}×à × ÎKÍrÏKòÍÒ(ÍÒ(×àÚâ;Í*Òﬀö0Ô Õ}Íâ;Í*Ò@ÔOúŁÔ:ããÍûä"ÕŁü\Ýró;ù



























































´-­«Ø¬§7Â-²ªI¬8¬²ªI«|¦ºµ§+³d¤H«H§;éñc§+¤ÚñÎdÝð´-­«Ú«|­´I´²«H¤ç­ª ¤H¥+©²®³[­¦I¦?®¤H®¯¥7§+¤×³I²³ ¥+©ªI¬¨H®²³I³I¥Ô¼ò §+¤H¤H§
·-­®¨|¨H§¦º½G¥+©ﬃ®¨|¨H®²³-¨9¦?§ ´-­«H¤H®¡AªI¬§F¨9´B§+«H©§+¤¦?§«H§F¨H´B§F¡A¤H§+«¬§F¨³I²«H©§F¨Á¦º½G¥+©®¨|¨|®²³Ò´B²¬¬ª-­³d¤H§¦I­³-¨¡A§+«H¤|­®³I§F¨
­ÓÓ¬²©¥+«|­¤H®²³-¨+Ô-á=½G²´I¤H®©ªI© ¡A²³-¨H¤|­¤H¥<§F¨|¤¼§+³d¤H«H§)ô6µ ñ'Ý §+¤¼øIµ ñ'Ý ¦?§<¤H§+³I§+ªI«§+³ö§F­ªö¦?®¨|´§+«|¨H¥+§Ôå§<´I¬ª-¨+µ
ªI³®³-¦?®¸¡+­¤H§+ªI«Á¦?§©®¡A«H²§Aó6´I¬²'¨|®²³­´IªJÖ+¤H«H§ ©®¸¨9­ªt²ªI«+µ"´B²ªI«Á¦?§+ª?ó¥+©ªI¬¨|®²³-¨9»'Ý¦º½G§F­ª:À"®¬d´I«H¥F¨H§+³a¤H§
ªI³I§Ò¨H®©®¬®¤Hª-¦?§­Ð¯§F¡ÄªI³I§<¦?¥+¤H§F¡A¤H®²³ﬀﬂﬁﬃç¦?§<¬­J¨H§F¡A²³-¦?§<­¤H²©®¨D­¤H®²³Ú®¨|¨HªI§Ä¦?§Ä¬­J¬®¤H¤H¥+«|­¤HªI«H§Ô




























































































































































































































































































































































































































































































































































































































































































































































































































































































fsi¯fhd.frisideh¯fdej ¡ ³ x"´«µz+|
¶  ¸
fsi¯fhdDsirh£¹aij ¡ ³ x"´«µz+|
¶º
 



























  áPó8ß7Ùlß7Üvâ1âeÜø^áPÞeÜØÝÌß7Ù èﬀæﬁPéﬃﬂ
  ÙÝ^â1ÜØÝâeóiøBÙà! VÛ.ÜÙòòÙ " æ èêé+í
#















6 7çáâ1âeÙäØòóiðÜ+$ óiÙ Bæ èêéﬃﬂ
68 7çáâ1âeÙäØòóiðÜ+$ óiÙﬀø^áPàeÞeÜÛ.óiòÙ Bæ èêéﬃﬂ
9 
ÙÝ^â1ÜØÝâeóiøBÙà! VÛ.ÜÙòòÙ 7æ è
é'ë
9


























































































































































































































































































































































































































































































































































































































































































































































ÌÅ\ÀÈ6È A¾ÈOËÄ´FÊOÅ\ÀHËFÊÄÎ¾ÌÎÆÄ¿$Á¾Å! ¾A¿bÍÆÊÄ¿F¿F¾AÐ¾A¿bÎA²¼#"sÐÆ¿V²%$]´FÆËV²p¿UääAèCåﬀ«å¯'&!å®vÁ´ªäAèÁ( Ì¾AÐKìFÊ¾
äåå¯²
­ Cèp°	¾À!¿(j¶Å\À!´?Á¾ª·v´FÆì¾AÎA²_êV¾ÈzÎ¾ÌºF¿FÆ)]´F¾ÈcÁ¾$Å Æ¿FÉ A¿FÆ¾A´FÊ**ÌAÀ!ÊìF´FÊ6À!¿bÎ6È(¾AÎcÌÄÐKìF´?ÈÎÆìFÅ¾ÈÅÆ)]´FÆ\Á¾È+
À!ÊÎÆ\ÌÅ¾zÀFäné!®!èµSäå²
­ ?ä°(ÂÄÐÆ¿FÆ)]´F¾;·ÊÆÐKì¾AÊÎA²UêU¾ÈÎ¾ÌºF¿FÆ)]´F¾ÈÁ¾Å Æ¿FÉ A¿FÆ¾A´FÊOËFÊÄÁ´?ÌÎÆÄ¿ªÁ¾Ì6º?À!Å¾A´FÊ,&À!ÊÎÆ\ÌÅ¾*ìçäç!è²















































































































































































































































































































































































































































































































































































































































































































































































































































































































































wxg3znE¹¹ }N57¥ |© E.|©©ºH;











































































































ýþüLì12HíHîVïîê43651798:1;</=>5!?A@!?CB+DﬃE@179ﬁ]ðC !$#"NåFG &%[å7æ! ð?å




















































































































































































































ÜÝÞàßázâãtß Ú äOå â æHç Ú äè ãtß ÚäiÁHŁ=zOz³ ÏÊpé³ &¢³O êzr&¢Öﬀ0O±zr»ﬀ0&¢³ Étë'ì¢OŁ0r|zµ')z'¼
ÄÅÈÎ0íîÄÅ$ï0 ÆÃÅ ÄÇ-ð Èòñ?ó;ôõÄﬀÅﬀÈöî÷pøù
ú ñüûÅý þßÅÄ 0ÅﬀÈÈò ÄÄﬀÈ Å Çð ñ ú
Ä ÇﬀÄ íﬀ	Hí ûÃ 
í£þó	ﬀﬀÈﬀÈ0ø°ô ûﬀÃ0îﬀû
íþ óÈÈ0øﬀø ú Ã0	 ßDí ó=øﬀø ñ í

÷ﬀﬂﬁ ñ ó	ﬃDí û0 0ﬀÈ Æ  °í£ó=øiô£÷!#"0ø ñüóﬃHí£ÃﬀÄÅÆ Ç0Èí£ó=ø°ô÷!%$$pøﬀø'&
ú ñ Ä ÇÄ )(" ÷*&vñ ú
+
ÄÅÈöÃÄÅÆÇÈíîÄÅ$ï0 ÆÃÅ ÄÇ-ð Èòñ?ó=øù
ÄÇﬀÄ  ﬀÃHí ûﬀÃ0 
Hí£þóﬀﬀÈÈpø°ô ûﬀÃîﬀû
íþ ó	ﬀÈﬀÈ0øﬀø ñöﬀß,	í£ûﬀÃ0 
Hí£þ ó
ÈÈpø°ô~ûÃîû-




































0ðÈ0ð&41öó00ð$ﬀÇ   0ﬀÈpøM íN $ó-ð$ÆﬀÅﬀÈ È0ðPO°ð?Ç-øöñ
ú
ú















ÄÇﬀÄ  ó	  ÄUT£Èð7-W\RXﬁﬀ÷÷0&
+









dfe	gVhjiNkml=n-o4pIqrks4iNk`hute	vxwre	y qrk`hziNng{xwJkIg g kIg{Is|n} vuqJk`hz~}Ve	{xvxkm| vxkIl=wJpIvxk`huo]kIg{xvxkkIqJqJk`hC





qre{xkIl=|YIv9e	{x} vxkmo4kfqreiNn}Vi9  kh9} |YkIv#iNwJkIqrqJk¡Łn} vxg wJkme	}4¢£iNnvxvxIqre	{xwrngVhZo4kf{xv9e	gVh#kIvx{z{x  kIvxl=wr~} kFkI{
l¤eh9hxwr~} k	

q;]wJgVo4wriNkmo4kmqreiNn}Vi¥  k¡hx} |kIv#iNwJkIqJqJkfeiN{x} kIqJqJk
¦§n} {xk`hmqJk`hjte	vxwe	y qJk`hjh9} wJte	g{xk`hfiNng{xwJkIg g kIg{mqre¤{xkIl¤|YIv9e	{x} vxko4k`hfiNn}Vi9  k`hiNngViNkIg{xvxwr~} k`hmo4k¨iNnl=©
y }Vhx{xwry qJks*kI{=qreª{xkIl=|Iv9e	{x} vxk«o4k¬q;]k`e	}­iNng{xkIg} k®o e	gVh¤qJk`h=iNn}Vi¥  k`h¯iNngViNkIg{xvxwr~} k`h£iNngViNkIvxg Ik`hI°Z±§n} v
|kIvxl=kI{x{xvxkq;²e	| | qJwriIe	{xwJng³o]} g k¨l=I{x  n4o4kg} l=Ivxwr~} k¡o²´*} qrkIvIsqe=iNng gVe	wrh9h9e	gViNk¨o4kqre{xkIl=|Iv9e	{x} vxke	}
|Vehfo4k¨{xkIl=|Vhj| vx`iN`o4kIg{o4}ªhx} wJt-w§qre	v9e	g wrkIg«k`hx{Fg `iNk`h9h9e	wrvxk*YkIqJqrkk`hx{fhx{xn4i9µIk¨|Yn} vFqJk|Vehfo4k¡{xkIl=|Vh
hx} wrte	g{Zo e	gVhqJkFtk`iN{xkI} v¶ ·¸¹V°4º*]wJg{xkIv#eiNk»0ºC¼F´!½F¦¿¾-°²À|kIvxl=kI{o²eÁ=g kIvuiNkj|Vehzo4kF{xkIl=|Vhe	} {9e	g{
~} kmq;]} {xwJqJwh9e	{xkI} vUqrkZÂ#} kmg `iNk`h9h¥e	wJvxk°
Ã`ÄÅ
Æ ÇÈÇÊÉ³Ë[É Ì
ÍÏÎÑÐÓÒ*Ô*Õ×ÖÙØÚÔ0ÍÜÛ ÎÑÝ[Õ ÞßÖáà à Ý[Õ ÎÑÝ ÎâÔäã åâÕ×Ô0ÍæÛ
ç[è¥é ê£ëìuí9îðïFñfò¯ìzóYï¡ô*îYõ*îXö¡õ*î\÷øúùûùÜõ*î¿öõüö¡íxý£þ¡îYí9ìuß
 
			ﬀﬁﬃﬂﬂ 	"!#$	ﬁﬂ 	#%&'%(*)(,+	.-/01	23ﬃﬂ 	#!4056/*7#ﬂ892,











































































































óþ÷ 0ûGù<ýìú	õ! 0÷óÖõ)ß" ú	û$#%&#±þü' ù<ý( 0ýú' 0÷.ø þ 'óõûü9öýúLõ) <ü9÷ü*>ù ú+4þ0û	ó)ü.ó, õ.-/0 ú'21õ3 úLõ! <ü#
÷ü4*bù ú5 0û/6-7'óõûü9öýúGü9ý>û' +÷þü!ó)ü' ú089/:;=<?>A@BóûüGþßöC+	ó)ûü9öýú;õ! <ü9÷ü4*bù úﬁþ "úü9÷!ü96õ0ó)ûü9öýú+
öýÎöø<ûü 0ýbûEù<ýÎú	õ) 0÷ó'þù<ü9ûD*E>GF5>/89/:H=<JI
  ﬁ ﬂLKNM ﬁ KPORQ ﬁ KNMQTSVU ﬁﬃW QXKYU  QXK(O ﬁ M
 QZKNQ ﬁ S  Q
W
K ﬁ
Q W K ﬁ SVQ ﬁ K ﬁ
ﬁ W
KNQ ﬁ S ﬁ W
QXK ﬁ
ﬁ W
KNQ[S ﬁ KNQ ﬁ































































































































































































































































































































































lÙÍÐÙÎ°ñÏñ>ÑTÌË ÏÙwÃÊ3ÑÐ5ÍÙÏ ËÏ ãÃÐ3Ãã#Î°Ïñ ÏòËÙÓ§Î àØË ã#ÍÊ3ÑÎ ÌñÙñË>Ñ ã#ÍÓ§Ó§Ë
ã#ÍÊ3ÑÏwÃÊÏË>Ñ-ËÊ/Ðò3ÃÑË®íbÃËØ3ÑË4;Ú'Ë>ã#Î]Ë>ÑÏÝËÊÈ°Î ËÊ ÃNáË>ãsÈP×ðòóÐ5ÍÏòô>ÑË5-ÍÛ ê æKè@ë0































ñ>ã#ÙÎ°ÏË>Ñ ÑñÐ3ÃÙñÓåËÊÏ ÌÃÊ3Ñõã#Ë>ÑõÙñíÎ°ÍÊ3ÑuæKè@ëPÛ5Â]ÃQt²Î íÛNõÛ é§ÓåÍÊÏÙË}ÌËØâ¯ÙñíÎ°ÍÊ3ÑÞ5Î°ÊÏËÙÊËuËÏõË#âﬁÏËÙÊËÔÈ Ã
ÃÓ§ÓåË-ÌË-ÌÎ	5Ø3ÑÎ ÍÊïÞã#ÍÊ3ÑÎ ÌñÙñË ã#ÍÓ§Ó§Ë~Ìî×ðñÐ3ÃÎµÑwÑËØÙ¦ÊñíÈ Î°íË>ÃßÈ°Ë~ËÏŁã#ÍÓ§Ó§Ë-ØÊåÐØÎ°Ï'ËÏ'ØÊË ÑÍØÙwã#Ë ÌË












































































































































































































































































































































































































































































































































































































































































































































































































































































































óÛ7íÒöýöíþÞ;ùHóröùUóÙùHìúßó ë'Ü ÷;÷^óðóÛ7í®ö ßSê

êórööî rö






































































































































































































































ﬀﬂﬁﬃ! #"%$&ﬁ(')'* ,+ﬂ-ﬀ$./ 02130ﬃ54 67.98;:<8>=ﬂ?@1Aﬁ('B'BC('*"@ﬃ!CDE-F0GGﬀ$&ﬁ('HﬀﬃI0ﬂJKL0M-FON('BC('*"P13C('Q7 ,'R07SD*TUﬂ-F0
























































































































































































































"$#&%'(*),+-/.0213+46565,79809#;:	0946(;.7<'5=09-3'&>609#ﬂ5=%?-@43'5=7<% (*),+-/.AB0<% 4/5,)=CD46)=.0FEG79(&%H&(&% I65,02JKH*+-/'+-D(&%'(L09(L.+-3' M







(*>3% -60 ¡¢£UM¥¤ ¡¢£UM¡
¦
#*+:3% -60 §¡¨UM© §¡¢UM¡
¡rªYEG79(*>@«U5,:6#*+:3% -60 §¢ ¬M¨ §¢­
-ªYI646(&% -60 §!¤ ¨UM§ §!¤ ¢UM£
¦
#*+:p®9-60 §¡§UM© §¡©UM¢
¡rª¯X79(*>D«D5,:6#*+:	®9-60 §!¤ ¡UMB° §!¤m¬
­ªYI646(*®9-60 §!¤ §UMB° §!¤U­
¦


















































































































































































































ﬂﬃ ü"!ö#kü÷[öù%$'&)("*,+-/.1032"4657*,89(5:5'+-	0<;=2?> þ ß @A	








ﬃrü÷÷`ünú=ýcünúr÷ûötý|k÷9ﬃ~÷Fuﬂﬃrüûünú6÷[ørûûöY÷÷9ö,ﬂgöú=Yﬃ ør÷öøcù÷]I[ù[öY÷ý"öﬃ ør÷Göúﬃ ør÷rúr÷,¡÷,prD,ü"öú=
ü"ﬃ ﬃcù{gﬂü"ö,ﬂgöú=öú6[ù[öjö,%a,nyŁTﬂú_IyöY÷|ùDY÷ký"ør÷{ù[öY÷[öú6tûköYûDY÷ýcünúr÷|ý"öY÷|ûø ﬃuö,öY÷£öúüﬂü"
ý"övû9rüûøcú,ý"övûöY÷I[ù[öY÷,|ﬃLøcùøcúcövünúrü""÷[öﬂkûù÷ûﬃ PEoøcöù[ö]û ﬂFE¡øcötý"övûöY÷£ùDY÷ký"ør÷i_g^GúﬃuöY÷ünú=
öxûú=[öúoø}ý"öxûrüûøcúcöfý"öY÷tûø ﬃ_ö,FöY÷{öúù[ö,kü"Fú,üiöYûSküü"övý"øI[ù[öûúrûöù[ú DLú,ù[öYûúr÷[ù[ø kü
!ùünú¡ø ﬂD,[ùöoﬃcùDY÷[öú6[öxýcünúr÷`'prDYû9rünú=Fú,ý}p¥ü"ù,_
yöY÷!ùünú¡ø ﬂ,[ù[öY÷töú¨ûü÷ûüý"öý"ø6ﬃuöõ¨ünùﬃ öUõBköùlø|úrý"öù÷öúBú6tøcúBﬃcùúrûﬃuöý"ö#ﬂgöY÷øcù[ö







ﬃrüû[öøcùjﬂ[ökü÷[ù[ørû[øcù[öý"ø¦ﬃ~ø ﬂú§oø ﬂü"úûúr÷[ø Dý}pö,ﬂjCcùünúrû9cö,ﬂöú=÷ý"önﬃ ør÷öú§ﬃ ør÷/rú




ﬃcø C PEoøcögEoø ~ﬃ_öø öú6{ûFöYû[öùö,lﬃ_öY÷öùöY÷ùDY÷ký"ør÷£ý"ö]ý|LDù[öú6[öY÷ü"FöY÷,üﬂünú6{ý"öý|D,[öùﬂúcöùlﬃLøcù









ûrünù!Dý"öoﬃrünùkûø öY÷{öY÷ûú|yùú=D#´ý"ö/Ccù[ør÷9E¡øcöY÷ûrünú !ö,ﬂgöú=÷tý"öý|ù[öYûú_ yöY÷ﬃrünùkûø öY÷ý"öoﬃ kør÷
Jù[öúcöùöý|D,göú6ý"öY÷jF!úcöY÷xý"öŁûøcùünú=ö,göúcúcöú=jﬂﬃrüû[öùjö¨ﬃ kü"[öYünø_yöY÷jﬃrünùkûø öY÷ý|ú=
qprkúcöùööY÷`ﬃ ør÷lü"C öv÷[ø öú6`öY÷!úcöY÷ý"öûøcùünú6,_ö,úcö÷9ú=`ﬃrü÷|÷9ﬃ ﬃ~DöY÷,_
£|aiª
µl¶<·l¸L¹`º¤»S¼U½Ł¾¿ÀmÁ¾IÂ6Ã1ÄÆÅ¥Ç,È:ÀmÉ%Ê¾~Ë=ÉÀÌ,É¾
Í'ÎŁÏiÐÑ@ÒLÓÆÐ9ÐÔFÕ ÎÏoÖ|Ï#×:Ø"ÔÙÏ%ÑÓÚ ÙÛ Ï,ÙÎÏiÐÒ ÎPØ"ÑÏiØ"Ú|ÜÝÓÎÎÏiÝÑÏ,Ú Ù9ÐÒ~ÓÚ ÙÎÏiÐ@Ö|Þ,ÕIØ"Ù9ØÐ9Ð9Ï,ÙÖ|ÏSÎÏ,Ú ÙÝÓÛ6ÑÏ,Û=Ú¬Ï,Ñ
Ö|Þ,ßnØ"ÙÙÏ,Ù`Ú Û Ï%Û ÓÚ àÏ,ÎÎÏoßnÏiÐÚ ÙÏº
á
Ý9âIØã6Ú ÏÞ,Ñ9Ø"äÏå|ÎÏiÐYÓÙÔæ?ÝÏiÐlÖ|Ï@ÒIØÐ9Ð9Ø"äÏçJÙ9ØièÓÛêéSëÐÓÛ=ÑÖ|ÏÒ ÎFÚIÐ7Ï,Û¨Ò ÎÚIÐ7ÒLÏ,ÑÔÑ9Ð7Ï,ÑlÎÏiÐYà6ÔÑÏiÐÐÏiÐ@çqìë








û[ÓÚ ÙôÝÓÎÎFÏiÝÑÏ,ÙnÖ|ÏiÐ¨ÒIØ"ÙÑÔFÝÚ ÎÏiÐnÖ|ÏÒ ÎÚIÐnÏ,ÛÒ ÎÚIÐÒLÏ,ÑÔÑÏiÐçJÑÏ,ßÒIÐ¨Ö|ÏÙÏ,ÎFØuÜ|Ø"ÑÔFÓÛUÖ|ÏBÒ ÎFÚIÐnÏ,ÛÒ ÎÚIÐ
×JØ"ÔÕ ÎFÏiÐë9å|ÓÛÖ|ÔFÐÒLÓÆÐÏoÒ ÎÚIÐÔFÏ,Ú Ù9ÐÞ,Ñ9Ø"äÏiÐ@Ï,ÛÐ9Þ,ÙÔÏ%ØiàÏiÝSÖ|ÏiÐÓÙÔæ?ÝÏiÐÖ|Ï%ÒIØÐ9Ð9Ø"äÏ#Ö|ÏSÒ ÎÚIÐ`Ï,ÛêÒ ÎFÚIÐ`Ò~Ï,ÑÔFÑ9Ð`Ï,Ñ
Ö|ÏiÐà6ÔFÑÏiÐ9ÐÏiÐÖ|Ï`Ò ÎÚIÐÏ,Û¥Ò ÎÚIÐäÙ9Ø"ÛIÖ|ÏiÐiº=üÏiÝÓßÒ ÑÏ#ýöiþ»"ßIÙ9Ø"Ò Ò~Ï,ÎÎFÏã6Ú rÔÎ|ÏiÐÑ7Ø"ÔÛIÐ9ÔgÛ ÞiÝÏiÐÐ9Ø"ÔÙÏÖ xØ"Ú äßÏ,Û6ÑÏ,Ù
ì ÓÚêÖ|Ï%Ö|ÔßÔFÛ=Ú Ï,Ù`é Ö Ø"ÛIÐÎÏÛ ÓßjÕ ÙÏ%Ö|ÏSí6ÑÓîÏiÐ¹7ã~ºx¹`ºö"º?ü)ÏoÒ ÔÏiÖÖ|ÏÎPØSÙ9Ø"ßnÒ~Ïå Ö|ÏoäÞ,Û Þ,Ù9Ø"ÎÏ,ßÏ,Û6Ñ`Ú Û Ï
Ö|ÔiØ"ÔÛ ÏÖ rÞ,Ñ9Ø"äÏiÐiåÏiÐÑŁßØ"ÔÛ=ÑÏ,Û6Ú ÕIØÐ9ÐÏlÒ ÙÏiÐ9ÐÔFÓÛåuÝÏ`ã6Ú Ô6ÒLÏ,ÙßÏ,ÑÖ xØ"Ú äßÏ,Û=ÑÏ,ÙÎFØàgÔÑÏiÐ9ÐÏlÖ|ÏiÐŁÒIØ"ÙÑÔPÝÚ ÎÏiÐ




/ÍåÎFØôÖ|ÔPÐÑÙÔÕ Ú ÑÔÓÛ¬ÏiÐÑoÙÏiÝÓÛIÐÑÙÚ ÔFÑÏÏ,ÛNÒLÏiÐ9Ø"Û=Ñ%ÎFÏiÐoÒIØ"ÙÑÔFÝÚ ÎÏiÐ%ÝÓÎFÎÏiÝÑÞ,ÏiÐ
Ý9âIØã6Ú Ï¥Þ,Ñ9Ø"äÏº
/Ø"ÛIÐoÎÏ¥Ý,ØÐoÖ|Ï¥Î x¹7ü)ûYÍ@Þ,ÎÏiÝÑÙÔPã=Ú Ïôç]Ôä º¹`ºØàÏiÝÚ Û ÏnØ"Ú ÑÙÏ×<ÓÙßjÚ ÎFØ"ÑÔÓÛÖ|ÚÛ ÓßjÕ ÙÏ
Ö|Ïí6ÑÓîÏiÐë9å[Ý9âIØã6Ú ÏÒIØ"ÙÑÔFÝÚ ÎFÏÐÏàÓÔÑ%Ø"ÑÑÙÔÕ Ú Ï,Ù%Ú Û ÏÝâIØ"ÙäÏnÞ,ÎÏiÝÑÙÔFã6Ú ÏÒIØ"Ù%Ú ÛNÝ9âIØ"ÙäÏ,Ú Ùﬀﬁ
á
å
Ýﬂ rÏiÐÑ@Ï,ÛIÐÚ ÔFÑÏ#ÎFØnÑÙ9Ø"ÛIÐßÔFÐ9Ð9ÔÓÛôÒIØ"ÙÝÓÛ6Ñ9ØÝÑoØiàÏiÝSÚ Û ÏjÝÓÚ ÒLÏ,ÎÎÏ%ÙÓÑ9Ø"ÑÔFàÏjã6Ú Ô[à"ØÒ ÙÓTàÓgã6Ú Ï,Ù/Ú ÛÝÓÚ Ù9Ø"Û6Ñ
Þ,ÎÏiÝÑÙÔFã6Ú ÏågßnÏiÐÚ ÙÞﬃ¥Ý9âIØã6Ú Ï#Þ,Ñ9Ø"äÏ%ÒLÓÚ Ù`ÙÏiÝÓÛIÐÑÙÚ ÔÙÏ#ÎFØÖ|ÔFÐÑÙÔÕ Ú ÑÔÓÛôÖ|Ï%Ñ9Ø"ÔFÎÎÏº
á



















































































































































ô õ öø÷úùüûúýßþ  òûúõ úõ 	
úö õ 
`ûtû 
ﬁﬀﬃﬂ "!$#"%'&)(*!$%'+,&))	-.%'/102%3!ﬂ ﬂ %'4)55%6-.( ﬂ*'78ﬀ:9':-	;<:!,4>=<;<%6-ﬀﬃ?)&):!@( %'&)ﬁ;)!,/15(*ﬀﬃ)A'5:!,B
;DCEﬀﬃ&):!F0)( &"!G9'%'(*ﬀﬃﬂ (H!IDJKL%'?"!9'1ﬀﬃ(*%'ﬁ!G&)L0)4)5)%'/1M)1;<ON'P*QSRST:UWVXPZY\[^].T6R`_"PZ_>acbX-SdeIDfhgijIEfkI lnmo-.%'/qp







;DC¨5?)&)( ( ﬂ ﬂ %'©bª]'PH«PZ_>aU6'PZ_"V`m0)( &"!?"ﬀ'!7"-.%'+>&):!o;)ﬀﬃ"!Ł( §#"%'&)(¬( %'&)ﬁ;DIW:!dﬁﬀ'-.ﬂ %'"!( 5A'M:!v!%'+Ł;)ﬀﬃ"!
&)10)/1ﬂ /10"!59nﬀﬃ02%'5:!8!&)8( v0W%'&)%'&)k;<Ł(*ﬀGA'%'&)( '7+0)&)ﬂ*!-.( (*:!­>&)ﬂ!ﬁ%'>8:!ﬁ5:!8ﬀﬃ&$-.+
!%'>j-ﬁ4"ﬀﬃ&<®D5:!0"ﬀﬃ( q#"%'&)(8(*%'&)ﬁ;¯>96ﬂ %')"ﬀﬃ+jﬀﬃ&<p;<(*B;<1( &)0W%'ﬂ +;DC¨5?)&)( ( ﬂ*ﬂ %'F°¬( ( :!G+>s




-.%'/10W%3!ﬁﬂ ﬂ %'¸bX¹ﬀﬃ?¬IEfkI lnmﬁI:-.ﬂv( @";º0)(*&"!q;<ﬂ»$-.ﬂ ( @B	/$ﬀn¼*ﬂ*!ﬁj­+&)u(*ﬀ	/1ﬂ*-.%	.t<0)( %3!ﬂ %'½;<:!q5/j&)(p
¾'¾'¿
ÀÁ*Â'Ã"ÀÄ2Å<Â'Ã+ÆrÂ'Ã	Ç$ÈnÉ*ÆÊÁ*ÀﬁËÌ*È@Í.Â'Ç1Î2Â3ÀÁ ÆÁ Â'ÃËÆGÌ·ÏEÈﬃÐ'ËÃ"Í.ËÇ1ËÃ>ÆFÐ'ÑÂ'Ç$ÑÆÊÁ*Ò>Ó)Ë'Ô¬ÕÃLÎ"ÈﬃÊÆÁHÍ.Ó)Ì Á ËÊÄ2Ö¯ÈﬃÃ)ÐuËÆrÈﬃÌ·Ô
×ÙØﬃÚnÛ
ÀﬁÁ Ð'Ã"ÈﬃÌ ËÃ>ÆrÒ+Ó)Ë$Å)ÈﬃÃ"ÀÓ)Ã¶ÀÎ)ÊﬁÈ:Ü'ÄÌ Ë:ÀGÐ'Â'Ó)ÆÆËÌ ËÆÆË:ÀjÀÓ)Ý)Á*ÀﬁÀËÃ+ÆFËÃ>ÆÊË1ËÌ*Ì Ë:ÀFÅ<Ë:ÀÍ.Â'Ì Ì*Á*ÀÁ Â'Ã"ÀKÎ)Ó)Á*ÀFÅ<Ë:ÀÀﬁÑ.Þ
Î"ÈﬃÊﬁÈﬃÆÁ Â'Ã"À:Ä²ËÆjÒ>Ó)Ë,ÎWÂ'Ó)ÊjÓ)Ã¶ß"Â'Ó)ÌÁ ÃnàË:Í.ÆÑ,Å<Ë@Í.Â'Ç1ÎWÂ3ÀﬁÁ ÆÁ Â'Ã¯Å<Â'Ã)Ã)ÑË'ÄÍ.ËÊÆﬁÈﬃÁ Ã)Ë:ÀjÅ<Ë:ÀÐ'Â'Ó)ÆÆËÌ ËÆÆË:ÀjÎ)ÊÁ*ÀﬁË:À












Þ         Þ
 ËÎ)ÆﬁÈﬃÃ)Ë Þ        Þ Þ
 Â<Í.ÆﬁÈﬃÃ)Ë Þ      Þ Þ Þ Þ
 Ã)Â'Ã"ÈﬃÃ)Ë
Þ    Þ Þ Þ Þ Þ Þ


























	<Î)Ì Â3ÀÁ Â'ÃuÅ<Ë:ÀKÑÇÓ)Ì*ÀﬁÁ Â'Ã"ÀÄ




























































































































ﬁﬀﬃﬂ "!#%$'&  )(+* ,ﬃ*-.,ﬃ/ 01#/,2!#+3 44-.5 *#/,"67,98*- ;:% )/=<>& -. +ﬀ9?	ﬂﬂA@BﬂC
,3D-./FEﬃGGIHD?	6J,*-."KMLN1-O-. ﬃPQ@RSTSU1-,ﬃ*-.V,3 W/. X+* Y17:%1J!#Z,ﬃ[]\>^\
EE_
` abadcfegc h
iQjlknm oqpsrutvmxwyivm{z |}j~tQjt ow iFnogwywŁow o


















































ﬀﬂﬁﬃﬃ! #"$ &%('ﬂ *)ﬂﬃ! +ﬀ-,
.0/21436587
,:9; <'ﬂ)>=+?=@;9A"CBD FE$GH=IHﬀﬂ@;ﬁIKJGL *)>"$MAJ#":=IHﬀN9O=G:PH=ﬀﬂ #Q=R* *MHﬀ> S *IT?U@;)ﬂﬁI:IH=IT'ﬂ 
.0/2VXWZY
,:9O=G:)ﬂﬁG:M:9[ﬀﬂ@;ﬁI\"$ +ﬀJQﬁM:'ﬂ'ﬂ *9; *'ﬂ'ﬂ +ﬀ^]H9;9; +ﬀ_J(`a=G:GLﬁ)ﬂ'b"CBDc*I: *)ﬂQ@; dF@;I:c*'ﬂ@[eTM: f
.0/21
WZg
,h9O=K"$@Oﬀﬂ9;ﬁ$d*='ﬂ@;ﬁIi"$ j9O=QﬁM:'ﬂ'ﬂ *9; *'ﬂ'ﬂ "CBDc*ﬃ(M:9Oﬀﬂ@;ﬁI`lk:@O9O=IiGLﬁﬀﬂ@;'ﬂ@nm#"$ o'ﬂ *IHﬀﬂ@OﬁIpﬀﬂM:GL *)6]qdF@; *9;9; sr
mt)ﬂﬁ'ﬂ'ﬂ *ﬃ! *I'^?U@Oﬀ>eM: *M$Euf
v
=2)ﬂc*GH=)ﬂ'ﬂ@;'ﬂ@;ﬁIw *IT'ﬂ)ﬂ xdF +ﬀ'ﬂ)ﬂﬁ@OﬀS'ﬂ *)ﬂﬃ! +ﬀS +ﬀﬂ'&?y=)ﬂ@[=k:9; z *I{mlﬁIHdF'ﬂ@;ﬁIK"$ |I:ﬁﬃ&k:)ﬂ *M$E{GH=)>=ﬃ!}*'ﬂ)ﬂ +ﬀ+~A'>=IT'
@;I'ﬂ *)ﬂI: +ﬀeM-BD FEU'ﬂ *)ﬂI: +ﬀ(9O=QﬁM:'ﬂ'ﬂ *9; *'ﬂ'ﬂ j`l'ﬂ *ﬃ!GLc*)>='ﬂM:)ﬂ ~A?U@;'ﬂ +ﬀ>ﬀﬂ )ﬂ *9O='ﬂ@;? ~"$@[=ﬃ!}*'ﬂ)ﬂ ! *I{G:PH=ﬀﬂ |"$@OﬀﬂGL *)>ﬀﬂc* 
 *'>dZf>
v
 #'ﬂ *)ﬂﬃ! 
/21
WZg




ﬀﬂM:GL *)6]qdF@; *9L *IT'ﬂ)ﬂ <9O=QﬁM:'ﬂ'ﬂ *9; *'ﬂ'ﬂ "CBDc*ﬃ(M:9Oﬀﬂ@OﬁI|=M"$c*GH=)ﬂ' *'9; +ﬀhI:ﬁﬃ&k:)ﬂ *MHﬀ> +ﬀ<JQﬁM:'ﬂ'ﬂ *9O *'ﬂ'ﬂ +ﬀ]H9O9; +ﬀ_J^9O=#]HI
"$M2G:)ﬂﬁ$dF +ﬀ>ﬀﬂMHﬀb"$ #ﬃ!@OdF)ﬂﬁ FEUG:9Oﬁﬀﬂ@;ﬁI-
v
 (k:@O9O=IoGLﬁﬀﬂ@;'ﬂ@nmŁ"$ 'ﬂ *IHﬀﬂ@;ﬁIsﬀﬂM:GL *)6]qdF@; *9;9; ﬀ> *)ﬂ'x"$c*'ﬂ *)ﬂﬃ!@;I: *)9; &"$@[=ﬃ!}*'ﬂ)ﬂ ("$ +ﬀzJQﬁM:'ﬂ'ﬂ *9; *'ﬂ'ﬂ +ﬀ]H9;9O +ﬀ_J
"CBD@;IH"$@[dF S\`aeq&D$f>~A *IGH=)ﬂ'>=IT'"$ 9BDc*I: *)ﬂQ@; |"$ xﬀﬂM:)6ml=dF j`l'ﬂ *IHﬀﬂ@;ﬁIﬀﬂM:Gu *)6]qdF@O *9;9; #f@;I:@;'ﬂ@O=9O z2"$ x9O=
QﬁM:'ﬂ'ﬂ *9; *'ﬂ'ﬂ "CBDc*ﬃ&M:9Oﬀ>@;ﬁI-9: +ﬀﬂ'SI:ﬁ'ﬂ *)eTM: N9O ^"$@O=ﬃ!}*'ﬂ)ﬂ ﬃ!ﬁ_ *I|"$ +ﬀŁQﬁM:'ﬂ'ﬂ *9; *'ﬂ'ﬂ +ﬀb`Uj&fA":=IHﬀM:Iﬀ>G:)>=+
"CBDc*ﬃ(M:9Oﬀﬂ@;ﬁIz *I|dFﬁﬃ&k:MHﬀﬂ'ﬂ@OﬁI! +ﬀﬂ'"$@;ﬃ@;ITM:cN"$ bﬃﬁ@;'ﬂ@;c<$~%qGH=)h)>=G:Guﬁ)ﬂ'SM:I: ^ q=ﬃ!ﬃ! ^"$ dFﬁﬃ&k:MHﬀﬂ'ﬂ@Ok:9; 
















BDc*I: *)ﬂQ@; dF@;I:c*'ﬂ@OeM: #"$ +ﬀSJQﬁM:'ﬂ'ﬂ *9; *'ﬂ'ﬂ +ﬀN]H9O9; +ﬀ_Jb +ﬀﬂ'N9; <"$ *M$EU@;}*ﬃ 'ﬂ *)ﬂﬃ # FEUG:)ﬂ@;ﬃ|=k:9; "$ 
/
`aeu4ªf>
«9H +ﬀﬂ'GLﬁﬀ>ﬀﬂ@Ok:9; eM: ^9O=<)ﬂc*GH=)ﬂ'ﬂ@O'ﬂ@;ﬁI"$ +ﬀ?U@;'ﬂ +ﬀ>ﬀ> +ﬀ¡@;I:@;'ﬂ@O=9; +ﬀŁ¬­
W
ﬁkuc*@Oﬀ®ﬀﬂ ^S"$ +ﬀŁ9;ﬁ@[ﬀŁﬀﬂ'>='ﬂ@Oﬀﬂ'ﬂ@OeM: +ﬀ*~ *IHdFﬁ)ﬂ bM:I: 



















 +ﬀb'ﬂ)>=+?=M$Eo"CBD@;IT? +ﬀﬂ'ﬂ@OQ='ﬂ@;ﬁI\ FEUGLc*)ﬂ@;ﬃ! *I'>=9; SﬀﬂM:)bdF +ﬀ"$@n¶Cc*)ﬂ *IT'>ﬀ^'ﬂ *)ﬂﬃ +ﬀb"$M2'ﬂ)>=_?y=@;9·"CBD FEUGH=IHﬀﬂ@OﬁI
/
)ﬂ *G:)ﬂc+ﬀﬂ *I'ﬂ *)>=@; *IT'M:I: S=@O"$ #GLﬁM:)^9O=(ﬃ!ﬁ$"$c*9;@Oﬀ>='ﬂ@OﬁI|"$c*'ﬂ *)ﬂﬃ!@;I:@[ﬀﬂ'ﬂ #"$M2G:P:c*I:ﬁﬃ!}*I: "$ #ﬃ!@[dF)ﬂﬁz FEUG:9;ﬁﬀ>@;ﬁI-
¸
¹ º»º½¼2¾¼ ¿
À Á ÂÄÃŁÅÆÈÇÉÅÃŁÊ ËÍÌKÎKÁ ÏÑÐ ÒwÓÔ
Õ-Ö×ØOÙ®ÚFÛÙﬂØ;Ü!Ý*ÞﬂßﬂÖàáâ®ã*äå:ÞﬂØOæ;ØOÙﬂç^è:éêHÙÚFÖ*ÞﬂÞﬂÖç*ÞﬂåHè$Öëaì	Ø;í:îUï®î;ãyð¡ÚFÛÜ!ñLÛßﬂÞﬂÖè$Ö*å$òñ:æ[éóTå:Ö+ÙôHê:Ö+Ùñ:æOÛê:íç*Ö+Ù
è:éêHÙæ;Öbæ;ØOóå:ØOè$ÖNÖ*Þhéå|Ü!Ûå:×Ö*Ü!Ö*êTÞhÛÙ>ÚFØ;æ;æ[éÞﬂÛØ;ßﬂÖ^ÚFÛÜ!ÜéêHè$ç^ñHéßå:ê:Ö^õlÛß>ÚFÖbç*æOÖ+ÚFÞﬂßﬂÛÜéíê:ç*ÞﬂØOóå:ÖbÛÙ>ÚFØ;æOæOéêTÞ*î
Õé!ÚFÛÜ!ÜéêHè$Ö#ç*æOÖ+ÚFÞﬂßﬂÛÜéíê:ç*ÞﬂØOóå:ÖÚFÛêTÞﬂßﬂöæ;ÖæX÷DÛÙ>ÚFØ;æ;æ[éÞﬂØ;Ûê|è$Ö+Ùbñ:æOéóTå:Ö+Ù^ñuÛå:ß^Ü|éØ;êTÞﬂÖ*ê:Ø;ßNå:ê:Ö&éÜ!ñ:æ;Ø;ÞﬂåHè$Ö
ÚFÛêHÙﬂÞ>éêTÞﬂÖø^ùwæOéwÜ!ú*Ü!Ö2õlßﬂç+óå:Ö*êHÚFÖjÜ|éØOÙÖ*ê0ñ:ûHéÙﬂÖsØ;ê×Ö*ß>ÙﬂÖîNÕ-ÖÚ*éñ:ÞﬂÖ*å:ßè$Öè$ç*ñ:æOéÚFÖ*ÜÖ*êTÞÜ!Ö+Ùﬂå:ßﬂÖjæ;Ö
è$ç+Ú*éæOéíÖ!è$åÜ!Ûå:×Ö*Ü!Ö*êÞè$Ö+Ù#ñ:æOéóå:Ö+Ù<ñHéß#ß>éñ:ñuÛßﬂÞ&ùæOéÚFÛêHÙﬂØ;íê:ÖøÚFÖ!è$ç+Ú*éæOéíÖ!ç*Þ>éêÞ#õlÛêHÚFÞﬂØ;Ûê{è$ÖzæOé
×ØOÙ®ÚFÛÙﬂØ;Þﬂç<è$å\æ;ØOóå:ØOè$Öî
ÕŁ÷DØ;êHÚFÖ*ßﬂÞﬂØ;ÞﬂåHè$Ö#ßﬂç+Ù>å:æ;Þ>éêTÞﬂÖÙ>å:ß^æOé(Ü!Ö+Ùﬂå:ßﬂÖSè$Ö#×UØOÙ>ÚFÛÙﬂØOÞﬂçÖ+ÙﬂÞbØ;ê$õtç*ßﬂØOÖ*å:ßﬂÖ<ù!üý|î
þß qï î;ã	

ﬀﬁﬃﬂ! "ﬂ$#&%'()+*,	-/.1023'(ﬃ456ﬂﬁ78:91;<>=:<>=
??@
ABCED
